
Europalsche^||lentamt 

European Patent Office 
Office europeen des brevets 




^j) Publication number; 



O 204 312 

A1 



EUROPEAN PATENT APPLICATION 



(21) Application number: 86107513.3 

(22) Date of filing; 03.06.86 



© int.ci.^: C 08 F 220/44 

D 01 F 6/38, A 61 L 17/00 
A 61 L 29/00, A 61 L 9/00 



@ Priority: 03.06.85 US 740896 



(43) Date of publication of application: 
10.12.86 Bulletin 86/50 

@ Designated Contracting States: 
BE DE FR GB IT NL SE 



@ Applicant: E.I. DU PONT DE NEMOURS AND COMPANY 
1007 Market Street 
Wilmington Delaware 19B98(US) 

(72) Inventor: Pardini, Steven Peter 
101 Calloway Court 
Columbia South Carolina 29223(US) 

@ Representative: Abitz, Walter, Dr.-lng. et al, 

Abitz, Morf, Gritschneder, Freiherr von Wittgenstein 
Postfach 86 01 09 
D-8000 Mtinchen 86(DE) 



@ Method for imparting antimicrobial activity from acrylics. 

@ A method for imparting non-fugitive antimicrobial activ- 
ity to an article of manufacture is disclosed which comprises 
forming the articles of manufacture from an acryionitrile 
composition which includes up to 10% of a protonated 
amine. The antimicrobial activity is Inherent in the acryionit- 
rile composition. 
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TITLE 



Method for Imparting 
&nr tmicrobial &rrivttv from Accylics 

pRSCRTPTION 
5 Technic*^ Field 

This application relates to a method for 
imparting non-fugitive antimicrobial activity to an 
article of manufacture by forming the article from 
acrylic polymer fibers or fabrics. 
10 Background 

It is known that antimicrobial chemical 
agents can be spun Into or topically applied to 
synthetic fibers. However, topical treatments are 
readily subjected to surface abrasion and eventually 
15 removed from the fiber. Additives are fugitive and 
after a limited number of wash and wear cycles the 
chemical agent can be depleted and the antimicrobial 
protection lost. A key uncertainty in these 
approaches is the additive level. The amount of 
20 additive needed to provide desired end use properties 
will depend upon the lifetime of the final product, 
the degree of blending with other fibers, the 
frequency of wash-and-wear cycles and the degree of 
abrasion during normal usage. The combination of 
25 these factors could require excessive additive levels 
which become prohibitive both economically and 

technically. 

The main problem with the spun in approach is 

the toxicity of the additive. In certain end uses 
30 such as children's garments, medical products and 
intimate apparel, fugitive additives could have 
potentially toxic effects. Also, many synthetic fiber 
processes require elevated temperatures for extended 
periods of time or make use of exotic solvents under 
35 heat and pressure which could lead to unwanted side 
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reactions of the^dditives that produce toxic 
by-products (e.g.. dioxine). cocrosive species (e.g.. 
chlorides) and/or eliminate the additive's 
antimicrobial activity. This would result in 
production, handling and disposal problems and would 
require additional technologies to safely produce the 
fiber. 

Surface-bonded, alkoxysilane 
quaternary-ammonium chlorides provide antimicrobial 
fiber protection. The bloactlve quaternary-ammonium 
alkoxysilane Is applied onto the fiber or final 
product from a methanol finish solution, and bonded to 
the surface by hydrolysis and condensation of the 
alkoxysilane with hydroxyl groups of the fiber. But 
in the case of acrylic, polyester, nylon and other 
fibers which are made of polymers that do not contain 
significant amounts of hydroxyl groups, the 
alkoxylsilanes cannot be bonded to the fiber surface 
by the hydrolysis and subsequent condensation 
reactions. Thus the slloxane would be merely a 
topical treatment to these fibers. Several problems 
have been encountered In this approach. The 
surface-applied finish has a fugitive chloride counter 
Ion which can easily exchange with organic phosphates 
and sulfonates; thus when the product is laundered the 
antimicrobial efficacy of the surface applied finish 
can be greatly reduced. Another significant problem 
is methanol release during the alkoxysilane bonding 
process, which can pose toxicity and potential 
flammablllty concerns. Finally, methoxysilyl 
compounds are incompatible with most aqueous, 
emulsion-based, textile finishes, which leads to 
undesirable, finish-application and durability 
problems . 
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Summary of the Invention 
It has now been discovered that certain types 
of acrylic polymers, fibers and fabrics have 
non-fugitive antimicrobial properties. In the present 
5 Invention It was discovered that non-fugltlve 
antimicrobial activity Is Imparted to acrylic 
polymers, fibers or fabrics made thereof, by 
copolymer Izatlon of an acrylic protonated amine 
comonomer and/or by use of protonated amine end groups. 
10 The protonated amine sites are part of the 

acrylic polymer chain and thus their durability In the 
final product Is independent of end use properties, 
such as lifetime of the final product, wash-and-wear 
cycle frequency and degree of abrasion during normal 
15 ueage. Furthermore, diffusible, toxic additives which 
may pose serious concern in certain end uses are not 
present. Since the antimicrobial agent is part of the 
polymer itself, toxic byproducts from spinning and 
fiber processing conditions do not occur. 
20 In addition, the protonated amines are 

distributed throughout the polymer and thus are 
present in all parts of the fiber and its surface. 
The equilibrium distribution of protonated amines is 
an inherent part of the fiber. The finding of 
25 antimicrobial activity of the fiber itself Is 

Buprlsing in light of the fact, as set out in U.S. 
Patent 3,197.430. that fibers produced from 
acrylonitrile polymers were thought not to have the 
inherent ability to inhibit the growth of bacteria. 
30 The fiber of this invention is quite stable especially 
relative to the surface bound alkoxysllane quaternary 
amines which are readily deactivated by soap solutions. 

An essential prerequisite to antimicrobial 
action is effective contact between the chemical agent 
35 and the microorganism. Upon effective contact, the 
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of the microbial structure and/or metabolism. 
Specific modes of action of antimicrobial compounds 
are difficult to determine and are complicated by 
concentration. pH. temperature, solvent, electrolyte 
and phase separation effects. 

The term antimicrobial is used to describe 
reduction in the number of viable pathanogenic or 
nuisance causing (e.g., odor causing* biological or 
physical degradation causing) microorganisms. The 
term non-fugitive is used to describe the nature of 
the acrylic antimicrobial component, which, barring 
exposure of the acrylic polymer itself to severe 
conditions of hydrolysis or decomposition, cannot be 
eliminated from the fiber. 

These non-fugitive antimicrobial properties 
of this invention are ideal for reduction of disease 
causing microorganisms, protection against biological 
degradation, and are useful for odor reduction and 
mildew resistance, etc. 

Acrylonitrile polymers, fibers and fabrics 
with antimicrobial properties would be useful as 
antimicrobial air and water filters for Isolation 
purposes, solution stabilizers and membranes for 
purification and concentration purposes, medical 
devices for disease prevention In bandages, wound 
dressings, wipes, tampons, sponges, gowns, drainage 
tubes, catheters, sutures, etc., hygiene products for 
odor reduction In diapers, sanitary napkins, socks, 
etc.. Industrial products for mildew resistant paints, 
antimicrobial packaging materials for Increased fruit 
and vegetable shelf life and for many other uses where 
microorganisms are encountered. 

Additives may also be used with this 
Invention to Impart additional antimicrobial or other 
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hygienic, biological, or medical protection to acrylic 
polymers, fibers or fabrics in end uses where 
additional reduction in the number of viable 
pathanogenic or nuisance causing microorganisms or 
elimination or deactivation of metabolic byproducts is 
desired . 

Polymer Preparation Method ; 

One liter of demlneralized water was added to 
a clean two liter water jacketed aluminum vessel. The 
water was blanketed with nitrogen gas and agitated 
between 50 and 150 revolutions per minute. The 
reaction temperature was set between 50«C and 60-C 
with heated water through the reaction vessel jacket, 
individual monomers were weighed out In the desired 
amounts so the sum total of their weights was 400 
grams. If used, the amine monomer was added to the 
reaction vessel first, and then the pH was adjusted 
with lOX sulfuric acid to 3.0 + 0.5. The remaining 
monomers were carefully added to the reaction vessel. 
The pH was checked again and adjusted If necessary. 
The temperature was checked and allowed to come back 

into limits before addition of the Initiating agents. 

in the meantime, one of the following polymerization 

Initiator solutions was prepared: 

(la) 8 grams of 77 ppm ferrous amraonlum 
Bulfate solution 

20 grams of 11. 5\ hydrogen peroxide 

Bolutlon , - ^t^r> 

30 grams of 7\ l-thloglycerol solution 

(lb) 8 grams of 77 ppm ferrous ammonium 

sulfate solution 

20 grams of 11.5% hydrogen peroxide 
solution 

30 grams of 7\ thiourea solution 

(2) 8 grams of 77 ppm ferrous ammonium 
sulfate solution , ^ „ 
30 grams of 20\ sodium bisulfite solution 
20 grams of 4.5\ potassium persulfate 

solution 

(3) 5 grams of 2.2'-azobiB 
(2-araidinopropane) hydrochloride 
45 grams of deraineral ized water 
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The initiator solution was then added to the 
reaction vessel, and the insuing reaction was watched 
closely. The agitator speed was slowly increased as 
the slurry began to thicken. Room temperature 
^ demineralized water was slowly added as the 

temperature began to rise. The reaction was run from 
the point of initiation for 60 minutes. If the slurry 
became too thick or the reaction temperature went too 
high, a small amount of slurry was drawn out and more 
^° room temperature demineralized water was slowly added. 

At the end of the reaction time one of the 
following polymer quench solutions was added to the 
reaction vessel: 

(1) 10 grams ot ex , ..i 
15 ethylenediaminetetraacetic acid solution 

15 grams of 20\ sodium bisulfite solution 

(2) 10 grams of 8% , ^. 
ethylenediaminetetraacetic acid solution 



20 



(3) Cold water to reduce reaction 
temperature below 45*C. 



After the appropriate quench solution was 
added, the polymer slurry was stirred for IS minutes. 
The Blurry was drawn out of the reaction vessel by 
vacuum aspiration and filtered on a Buckner funnel. 

25 The polymer was then removed from the filter funnel, 
reslurried In one liter of 80-C demineralized water, 
stirred for 10 minutes, and filtered. The reslurry 
filtration step was repeated twice. The polymer was 
then slurried in reagent grade acetone, stirred lO 

30 minutes, and filtered on a Buckner funnel. The washed 
polymer was then wrapped in cheese cloth, placed in a 
stainless steel pan and dried 16 to 24 hours in an air 
draft oven at 65*C. 
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fiber Preparation 

Fibers were prepared by standard acrylic dry 
spinning techniques. The polymer was dissolved in 
diroethylformaraide up to a 23 to 33\ solids level, 
5 heated to between 90 and 110*C. filtered, then heated 
to 110 to ISO^C and extruded through a 1400 hole 
spinneret at a spinning speed of 270 ypm. Nitrogen 
aspiration gas carried the solvent away as the 
individual filaments were formed. The fibers 
10 collected at the exit of the spinning cell had an 

as-spun denier per filament of 9.0- Residual solvent 
was extracted from the spun fiber in 90 to 100«C water 
as the fiber was drawn either 4.5x or 6,0x to yield 
drawn denier per filaments of 2.0 and 1.5 
15 respectively. Standard textile fiber finish was 

applied using a roll applicator to reduce interfiber 
friction and provide lubricity during subsequent 
textile processing. The finish applied contained a 
cationic antiscat rather than an anionic antistat, 
20 since the anionic antlstat would react with the 
protonated amine. The drawn fiber was then 
mechanically crimped and collected at the exit end of 
a draw-extration machine. The mechanically crimped 
yarn was then dried in a dryer between 90 and 120«»C to 
25 yield final denier per filament of 3.0 and 2.2 
respectively. 

Antimicrobial Activit y Measurement Procedures: 

The non-fugitive antimicrobial activity of 
polymers, fibers and fabrics were evaluated by the 
Shake Flask Test Procedure and the Parallel Streak 
Method . 

A. Shake Flask Test - In the Shake Flask 
Test procedure. 70 ml of sterile pH 7.2 potassium 
hydrogen phosphate buffer solution was added to 
35 sterile 250 ml Erlenmeyer flasks. Each flask was then 
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inoculated with 5 ml of a bacterial inoculum to yield 
10* colony forming unitB/ml solutions. The flasks 
were shaken well and time zero counts were made by 
removing 1 ml aliquots from each flask and making 1:10 
and 1-100 dilutions in phosphate buffer. Duplicate 
pour plates of the 1:100 dilution in tcyptone glucose 
extract agar were prepared, incubated at 37-C for 18 
to 24 hours and counted. One gram of test polymer or 
fiber was aeeptically added to each flask. One extra 
flask was prepared containing the bacterial inoculum 
but no test solution to Insure that the bacterial 
culture was viable in the test solution. The flasks 
were placed on a wrist action shaker and shaken for 
one to two hours. The one to two hour contact time 
counts were made by removing 1 »1 aliquots from each 
flask and making 1:10 arxd 1:100 dilutions in phosphate 
buffer. Duplicate pour plates of both dilutions were 
prepared in tryptone glucose extract agar, incubated 
at 37-C for 18 to 24 houcB and the dilutions 
containing 30 to 300 counts were counted. The zero 
time counts and the one hour contact time counts were 
then corrected for their respective dilution factors 
and 100 times the difference between the Initial and 
final counts divided by the initial counts was the 
test Item percent reduction. The shake flask procedure 
provided results on the relative bioactlvltles of 
various polymers, fibers and fabrics against a wide 
range of microorganisms. Results are given In Tables 
II-VI and VIII. The Shake Flask Test procedure Is 
outlined m Malek. J.R- and Speler. J.L.. The.Journal 
^_Coated_Fabrlcs. vol. 12. July. 1982. PP- 38-45. 

B. i^.^^n^^i str^^k Method - To confirm the 
non-fugltlvlty of the antimicrobial component, the 
parallel Streak Method was employed. Sterilized agar 
growth medium was prepared and 15 ml poured Into each 
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100 rum diameter flat bottom petrl dish. The agar was 
then allowed to Clrnly gel. A 1 ml sample oC the 
desired test organism broth culture was transferred 
into 9 ml of sterile deminerali2ed water and mixed by 
stirring with a 4 mm inoculating loop. One loopful of 
the diluted inoculum was transferred to a sterile agar 
plate by making five 7,5 cm long parallel streaks 1 cm 
apart in the center of the plate without refiling the 
loope. taking care not to break the agar surface. An 
oblong shaped test specimen was gently pressed 
transversely across the five inoculation streaks to 
insure intimate contact with the agar surface. The 
sample was then incubated for 18 to 24 hours at 37*C. 
The incubated plates were examined for interruption of 
growth along the streaks of inoculum underneath the 
sample and for a clear zone beyond the sample edge. 
The average width of the zone of inhibition around the 
test specimen was estimated with a ruler graduated in 
millimeters. Results are given in Table VII. This 
method is described in more detail in AATCC Test 
Method 147-1977. 

TABLE I 

AMINE CONTAINING ACRYLIC MONOMERS 



AND INITIATING AGENTS 

Monomers M.W. 

g/mole 

Dime thylaminoe thy Imethacry late (DMAM) 157 

Dlethylaminoethylmethacrylate (DEAM) IB 5 

Ter t iarybutyl ami noe thy Imethacry late (TEAM) 185 

Dime thyl amino neo pen ty lac rylate (DMANPA) 174 

2-methyl-5-vinyl pyridine (MVP) 119 



Dimethylarainopropylmethacryloamide (DMAPMA) 170 



End Groups 
Thiourea 

2-amidinopropane hydrochlor ide 



76 
121 
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Example 1 

Polymer sampleG were prepared according to 
the method described above. Acrylonitr lie (AN) and 
5 methylacrylate (MA) monomers were copolymer ized with 
various protonated amine containing monomers. These 
polymers were then challenged against Klebsiella 
pneumoniae In the Shake FlasJc Test. Results from 
these experiments are given In Table II. This example 
10 shows that the copolymerizatlon of protonated amine 
containing monomers In acrylic polymers Imparts 
antimicrobial activity. 
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TABLE II 

polymer- Percent Monomer Shake Flask 

Izatlon by Weight \ Reduction Quench 

Item initiator AN |tt Amine fName) (Klebsiella) System 



1 


2 


94 


6 


0 




40*0 


2 


2 


2 


90 


6 


4 


(DMAM) 


96.9 


2 


3 


2 


90 


6 


4 


(DSAM) 


99.7 


2 


4 


2 


90 


6 


4 


(TEAM) 


99.9 


2 


5 


2 


90 


6 


4 


(DMANPA) 


95.0 


2 


6 


2 


90 


6 


4 


(MVP) 


74.3 


2 


7 


2 


90 


6 


4 


(DH7VPMA) 


96.2 


2 



pramnle 2 

To determine the effects of protonated amine 
containing end groups on polymer bloactlvlty, a range 
of polymerization Initiators were tested. Polymer 
samples were prepared according to the method 
described and challenged against Klebsiella pneumoniae 
In the Shake Flask Test. Results from these 
experiments, given In Table III. show that protonated 
amine containing end groups Impart bloactlvlty to 
acrylic polymers. 
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Po lyroer- 
iza t ion 



Percent 

Monomer Shake Flask 





Initi- 


by 


Weight 


X Reduction 


Quench 


End* 


I tern 


ator 


AN 


MA 


(Klebsiel la ) 


Mixture 


Group 


8 


la 


94 


6 


36 . 4 


1 


thioglycer ol 


9 


lb 


94 


6 


96 . 1 


1 


thiourea 


10 


2 


94 


6 


40.0 


2 


sulfonate 


11 


3 


94 


6 


99 • 8 


3 


2-amidino- 



propane 

* Thiourea and 2-aniidino*propane end groups contain protonated 
amines. Thioglycerol and sulfonate end groups do not 
contain protonated amines. 

Example 3 

To determine the minimum copolymer ized 
protonated amine level required to produce a bioactive 
polymer, a series of polymers were prepared according 
to the method described above and then challenged 
against Klebsiella pneumoniae in the Shake Flask 
Test. Results from these experiments are given in 
Table IV. 



TABLE IV 





Polymer- 




Percent 






izat ion 




Monomer Shake Flask 






Initi- 




by Weight t Reduction 


Quench 


Item 


ator 


AN 


MA DEAM (Klebsiella) 


Mixture 


12 


la 


94 


6 0 36.4 


1 


13 


la 


93 . 


8 6 0.2 77.4 


1 


14 


la 


93 . 


5 6 0.5 83.1 


1 


15 


la 


93 


6 1 66.2 


1 


16 


la 


92 


6 2 98.7 


1 


17 


la 


90 


6 4 95-3 


1 
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pxaraplee 4-7 
Examples 4, 5. 6. 7 Include Items 18 and 19. 
AS can be seen from Table V, Item 18 does not Include 
any protonated amine, whereas Item 19 contains a 
protonated amine* 

Example 4 

Polymecs were prepared In a contlnuouB 
overflow reaction and then spun Into fibers according 
to the method described above. The bloactlvlty of the 
polymer and the fiber were determined In the Shake 
Flask Test against Klebsiella pneumoniae. Results of 
these experiments are given In Table V. These results 
demonstrate that bloactlve polymer properties are 
retained when transformed Into fiber. 

TABLE V 

Polymer- Percent Shake Flask 

Izatlon Monomer % Reduction 

Inltl- by Weight fKIebsiella) Quench 

Item ator AN S$A DEAM Polymer Fiber Mixture 

IB 2 94 6 O 2.3 3.4 2 

19 la 90.7 6 3,3 98.8 99.9 1 

Example S 

Fiber samples were prepared according to the 
method described above and were challenged against a 
wide range of microorganisms In the Shake Flask Test. 
Results of these experiments are given In Table VI- 
These results demonstrate that fibers made from 
protonated amine containing acrylic polymers have a 
high level of bloactlvlty against a wide range of 
microorganisms • 
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MicroorqaniBm 

A. niger (mold) 

S. cerevieiae (yeast) 

Cladosporium ep. (mildew) 

Bacter ia 1 Inoculum 

K. pneumoniae 
(Klebsiella) 

E. coli 

E* agglomerans 

S. aureus 

S. epidermidis 

B. BUbtilis 
P. aeruginosa 



Shake Flask 
\ Reduction 



Item 18 

19 .7 
33 • 1 
20. 1 

14 .5 

8 . 2 
32,0 
23,1 
25.1 
49 . 4 
54.0 



Item 19 

62.5 
74 . 4 

60.7 

99 . 9 

99 . 9 
99.9 
99.9 
99.9 
85 . 3 
99.0 



Example 6 

Fiber samples were prepared according to the 
method described above and challenged against 
Klebsiella pneumoniae in the Parallel Streak Method, 
to confirm the nonf ugit ivi ty of amine containing 
acrylic fibers. Results from these experiments are 
given in Table VII. 



TABLE VII 
PARALLEL STREAK METHOD 

Growth Inhibition (Klebsiella) 
ix^em Below Sample Zone Ar ound Sample 
(mm) 

None O 

j^g Complete 0 
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gxappla 7 

Pib«E tampleB pctpaced by the sathod 
described above were fabricated Into nonwoven pcoducti 
and challenged ayalnat Klebalella In the Shake Plaak 
Teet. Reaulta fEOB thete expeclmenta ace given In 
Table VIII. These results demonstrate that the high 
level non-fugitive bloactlvlty found In pcotonated 
amine containing acrylic fibers Is maintained in 
nonwoven fabrics. 



7XSLE VIII 

Shake Flask 
% Seduction 
(Klebsiella) 

Fabric Itea_18 Item 19 

Hydraulically Needled 38-5 99.9 

Thermally Bonded '^'^ 
(25\ Polyester binder) 
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CLAIMS 

I claim: 

1. A method for imparting non-fugitive 
antimicrobial activity, effective in reducing viable 
microorganiBms , exhibiting a shake flask percent 
reduction of Klebsiella of 70 to 100\ to an article of 
manufacture comprising the steps of forming said 
article of manufacture from an acrylonitr ile 
composition of: 

a. at least 85\ by weight 
acrylonitr ile, 

b. up to about 13t by weight of a 
neutral ethylenically unsaturated 
monomer « and 

c. from about 0.1 to I0\ by weight of 
a protonated amine containing 
compound « 

where said antimicrobial activity is Inherent in the 
acrylonitrile composition. 

2. The method of claim 1 wherein the 
protonated amine containing compound is a protonated 
amine containing comonomer. 

3. The method of claim 1 wherein the 
protonated amine containing compound is a protonated 
amine containing polymer end group. 

4. The method of claim 2 wherein the 
protonated amine containing comonomer is an acrylic 
monomer selected from the group consisting of 
Dimethylaminoethylmethacrylate (DMAM) . 
Diethylaminoethylmethacrylate (DEAM) . 
Tertiarybutylaminoethylmethacrylate (TEAM) . 
Dimethylaminoneopentyl acrylate (DHANPA) . 
2-methyl-5-vinyl pyridine (MVP), and 
Dimethylaminopropylmethacryloamide (DMAPMA) . 

5. The method of claim 3 wherein the 
protonated amine containing polymer end group is an 
amidino group, connected to the polymer backbone. 
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selected from the group conelfltlng of Thiourea and 
2 -ami dlno propane hydrochloride • 

6. The method of claim 2 or 3 wherein the 
mlcroocganieme are gram-poel tlve or gram-negat Ive 
bacteria . 

7. The method of claim 2 or 3 wherein the 

microorganifims are fungi. 

e. The method of claim 2 or 3 wherein the 

microorganisms are yeasts. 

9. The method of claim 2 or 3 wherein the 
microorganisms are spore-forming bacteria. 

10. The method of claim 2 or 3 wherein the 

microorganisms are mold. 

11. The method of claim 2 or 3 wherein the 

15 microorganisms are staphylococcus. 

12. The method of claim 2 or 3 wherein the 
microorganisms are pseudomonas. 

13. The method of claim 2 or 3 wherein the 
microorganisms are streptococcus. 

20 14. The method of claim 2 or 3 wherein the 

microorganisms are bacillus. 

15. The method of claim 2 or 3 wherein the 
article Is a filter that would come In contact with 
the microorganisms - 
25 16. The method of claim 2 or 3 wherein the 

article Is a medical device that would come In contact 
with biological fluids. 

17. The method of claim 2 or 3 wherein the 

article is a container for packaging food. 
30 18. The method of claim 2 or 3 wherein the 

shake flask percentage reduction of Klebsiella is 
99 . 9-100\- 

19. The method of claim 2 or 3 wherein the 
acrylonitrile composition Is a fiber, having a finish 
35 containing catlonic antiscat applied thereto. 



16 



BNSDOCID: <EP ^020431 2A1 _l_> 





20. A method of reducing viable 
microorganisms associated with a mammal which 
comprises contacting the skin or other parts of the 
mamjnal with an article of manufacture formed from an 

5 acrylonitr lie composition of: 

a) at least eSt by weight acrylonitrile 

b) up to about 12% by weight of a neutral 
ethylenically unsaturated monomer, and 

c) from about 0.1 to lOX by weight of a 
10 protonated amine containing compound. 

21. The method of claim 20 wherein the 
article of manufacture is a tube. 

22. The method of claim 20 wherein the 
article of manufacture is a fabric. 

15 23. The method of claim 20 wherein the 

article of manufacture is a suture. 



20 



30 



35 



17 



BNSCXDCID: <EP ^020431 2A1 _!_> 




European Patent 
Offic« 



EUROPEAN SEARCH REPORT 




020431 2 



DOCUMENTS CONSIDERED TO BE REUEVANT 



EP 86107513.3 



CAttgory 



Ciunon of documant Mrilh indication 
of rM^mnx pt 



AT - B - 319 458 (HOECHST) 



♦ Claims * 



EP - A2 - 0 123 576 (EASTMAN KODAK) 

♦ Claims ♦ 

CH - A5 - 570 470 (SANITIZED) 

♦ Example 12; claims * 



US - A - 3 823 204 (OKADA et al • ) 
♦ Claims * 



DE - B2 - 2 014 764 (BAYER) 

♦ Column 4, lines 23-31; 
claims * 



to claim 



CLASSIFICATION Of THE 
APPtJCATlON (im CM) 



1 ,4, 19 



1,4 



1.18, 
19 



1,19 



1 , 19 



Tb« prvMot MATch rapon nm b—n dnrwn up for M cMm* 



C 08 F 220/44 
D 01 F 6/38 
A 61 L 17/00 
A 61 L 29/00 
A 61 L 9/00 



TECHNICAL FIELDS 
SCAACHEO itM. 



c 


08 


F 


220/00 


c 


08 


F 


20/00 


c 


08 


F 


8/00 


c 


08 


K 




c 


08 


L 


33/00 


D 


01 


F 




A 


61 


L 




D 


06 


M 





P\mcm of aaarch 

VIENNA 



DM ol eompMon of 

12-09-1986 



TENGLER 



a 

8 

I 

E 

8 

2 



CATEGORY OF CITED DOCUMENTS 

X : parhcul«rty r«i«vftm if tak*n %\onm 

Y : particulvty f«i«vant if combif>«d witft another 

document ol th« tam« category 
A : tachnok>gic«i background 
0 : non-wrtttan disclo«ur« 
P : intermediate document 



T 
E 

0 
L 



theory or principle undertytng the invention 
•artier peilent document but pubiiahed on. or 
after the flMng date 
document cHed In the application 
document ctted for otfier 



A : membarol the aeme patent fafnity. 
do cu ment 



ing 



BNSDOCID: <EP_0204312A1J > 



